H ip fracture is a major problem resulting in morbidity and mortality in the older population. The first-year mortality rate of hip fracture ranges from 12% to 36% 1 ; only one-third of patients return to their prefracture functional status and one-third require further nursing home care. 2 Hip fracture patients may be a significant burden to their family and society, with great efforts in care and a large expenditure. Although the incidence of hip fractures has been decreasing in some regions, such as North America 3 and Australia 4 (possibly because of improved health conditions and osteoporosis intervention), it is increasing in regions such as Asia, the Middle East, and Latin America. 5 To develop strategies to prevent this serious injury, it is crucial to understand the risk factors for hip fractures and the patients at risk.
Many risk factors for hip fracture have been identified, and cognitive impairment is an important factor. Cognitive impairment compromises the ability of the elderly to manage activities of daily living or deal with environmental stresses 6 and contributes to accidental falls, multiple falls, and the subsequent serious sequelae of fractures. 7, 8 Patients with Alzheimer's disease are 2.7-fold more likely to have a hip fracture than age-and sex-matched controls without Alzheimer's disease. 9 This emphasizes the importance of psychometric evaluation in assessing hip fracture risk. The Mini-Mental State Examination (MMSE), a psychometric test developed by Folstein et al 10 in 1975, has the characteristics of brevity, straightforwardness, and uniformity as a screening tool. It has been widely used to study different states of cognitive impairment. 11 A low total MMSE score was shown to be related to a high risk of hip fractures. 12 Seven MMSE subdomains represent different dimensions of cognitive functions (Table 1) . Several studies have used these subdomains to distinguish different dementia-related problems 13, 14 and stage of Alzheimer's disease 15 or screen cognitive impairment. 16 It has also been reported that poor scoring in the place orientation and visual construction subdomains might lead to significant falls. 17 The current authors recognized that fall was a surrogate endpoint and had the disadvantage of a vague definition. Thus, in the current age-and sex-matched case control study, hip fracture was the endpoint, which was more clinical and could be defined more precisely. The authors hypothesized that certain MMSE subdomains might be significantly correlated with high hip fracture risk and could be used for screening patients at risk of hip fracture in hospitals.
Materials and Methods

Study Population
This matched case control study investigated hip fracture patients older than 60 years at the National Taiwan University Hospital. Hip fracture was defined as fracture of the proximal femur, including the intracapsular cervical fracture and extracapsular trochanteric fracture. Inclusion criteria were noninstitutionalized patients, hip fracture for the first time, and injury by low-energy trauma (defined as falls from a standing height). The exclusion criteria were pathological fracture, neglected hip fractures, multiple fractures, or previous hip surgeries on the same side. A total of 376 consecutive patients were recruited between April 1, 2004, and January 31, 2006. Of these patients, 114 were excluded for the following reasons: not the first hip fracture (n576), high-energy trauma (n525), and institution residence (n513). After exclusion, 262 patients were eligible for the current study; of them, 217 patients or their caregivers provided written informed consent. The patients were interviewed by specially trained study nurses using a standardized questionnaire. For patients with severe cognitive impairment, caregivers were interviewed. The median time from fracture to interview was 6 days.
The hospital controls recruited from the same hospital were in-or outpatients in the Department of Family Medicine who had no history of hip fracture or injuries related to the musculoskeletal system. A total of 215 hospital controls were matched to the case group by age (within 4 to 6 years) and sex. The control group was interviewed while the matched cases were still hospitalized or within a few days after discharge.
The study protocol was approved by our institutional review board.
MMSE Questionnaire
The content of the original MMSE questionnaire 10 was modified based on local culture. The MMSE had 11 questions 
Demographics and Clinical Confounders
In both groups, age, sex, and 5 important clinical confounders, including educational level, difficulty with activities of daily living, physical activities, body mass index (BMI), and bone mineral density (BMD) (expressed by the T-score), which have proven to be significant risk factors for hip fractures, were assessed. [18] [19] [20] [21] Educational level was selected because it has a strong association with the MMSE. 22 Educational level, BMI, and BMD were first used as continuous variables in the demographic analysis of the 2 groups. Then, they were broken down into groups in the following conditional logistic regression analyses. Educational level was divided into 6 years or less and more than 6 years because going to middle school was not common when the patients in the current study were younger. Body mass index was categorized as normal (between 18.50-24.99 kg/m 2 ), underweight (less than 18.50 kg/m 2 ), and overweight/ obese (25.00 kg/m 2 or more) based on the definition provided by the World Health Organization.
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Total hip BMD was measured at the nonfracture side for the case group and the same side for the matched control group using dual-energy X-ray absorptiometry (DXA), (Model: QDR4500A; Hologic, Waltham, Massachusetts), and all values were read by the same radiologist. Because of the considerable amount of missing data (91 patients: 73 in the fracture group and 18 in the control group), BMD was categorized into 3 groups using the missing-indicator method: T-score greater than or equal to 21.7, less than 21.7, and missing. The value of 21.7 was determined by the Youden index, which represents maximum sensitivity and specificity. 24 Difficulty with activities of daily living was assessed by 5 self-care activities, including feeding, bathing, dressing, toileting, and transferring. Patients were defined as "no" difficulty if they were independent in all 5 activities or "yes" difficulty if they had problems performing at least 1 activity. Physical activities were defined as engaging in certain exercises regularly before fracture.
Statistical Analysis
The demographic data were initially analyzed with Student's t tests for continuous variables and chi-square tests for binary variables. Then, the categorized data and the MMSE subdomain scores were analyzed with conditional logistic regression using SPSS version 19.0 software (SPSS, Inc, Chicago, Illinois). Univariate analyses were performed first, and then the significant MMSE subdomains were further adjusted by the 5 clinical confounders using multivariate analyses. Statistical significance was defined as a P value less than .05.
The diagnostic performance of the significantly independent MMSE subdomains was evaluated by receiver operating characteristic (ROC) curve analysis to discriminate the fracture and control group cases. The areas under the curve (AUC) were compared between the ROC curve of independent MMSE subdomains combined with the 5 clinical confounders and that of the 5 clinical confounders alone. Similarly, the ROC curves were constructed using the summed score of the significant MMSE subdomains and the total MMSE score, respectively, and then the AUCs were compared. Finally, the optimal cutoff point of the summed score of the independent MMSE subdomains to discriminate the fracture and control group patients was determined by the Youden index.
For the questionnaire reliability analysis, an in-home interview was conducted 4 to 6 weeks after the first study period. Ten patients were randomly selected from each group. The intraclass correlation coefficient was calculated.
results
In the demographic analyses (Table 2) , mean6SD age was 80.5267.71 years and the women:men ratio was 2.56:1 in the fracture group and 77.9967.07 years and 2.57:1, respectively, in the control group. The fracture group had significantly lower total MMSE scores, BMI, and BMD; a higher percentage of difficulty with activities of daily living; and poorer physical activity ability. The educational level (measured in years) was also lower in the fracture group but was of borderline significance (P5.063).
In the conditional logistic regression studies (Table 3) , the univariate analyses results were similar to those of the demographic study. However, the difference in educational level reached statistical significance (P5.045). All of the MMSE subdomain scores were significantly lower in the fracture group. Body mass index, T-score, and the MMSE subdomains time orientation and visual construction remained statistically significant after adjustment in the multivariate analyses. Individuals with a T-score less than 21.7, a BMI between 18.5 and 24.99 kg/m 2 , and a BMI less than 18.5 kg/m 2 had a 5.44-, 2.12-, and 2.26-time higher fracture risk, respectively. In the time orientation and visual construction subdomains, an increase of 1 point may decrease the hip fracture risk by 24% and 67%, respectively. In ROC curve analyses, the AUC of the time orientation and visual construction subdomains combined with the 5 clinically important confounders was significantly higher than that of the 5 clinically important confounders alone (83.2% vs 79.3%; P5.003) (Figure 1 ). The AUCs of summed scores of the time orientation and visual construction subdomains were significantly higher than that for the total MMSE score (74.9% vs. 71.8%; P5.009) (Figure 2 ). Using the Youden index, the optimal cutoff point of the summed score of these 2 significant subdomains in differentiating hip fractures was 4.
The intraclass correlation coefficient value between the first and subsequent interviewed questionnaire ranged from 0.48 to 1 in demographics, exercise habits, and functional status and was 0.79 in the cognition component, representing the high consistency of the questionnaire and obtained data.
discussion
Similar to the total MMSE score, the score of each MMSE subdomain was also significantly lower in the fracture group in univariate analyses. In multivariate analyses, only the time orientation and visual construction subdomains remained significant after adjustment with the clinically important confounders. In ROC curve analyses, these 2 subdomains combined with the 5 clinically important risk factors could predict the fracture risk better than the 5 risk factors alone. In addition, these 2 subdomains together could predict the fracture risk better than the total MMSE score.
The etiology of hip fracture is multifactorial, mutually correlated, and sophisticated. In the current study, matching with age and sex could increase the efficiency of the analyses. The variables were first analyzed as continuous variables to avoid the bias of false-positive or falsenegative results when they were analyzed as categorical variables with arbitrary cutoff points. The 5 clinically important confounders were all significantly different between the fracture and control groups, with the exception of educational level, which was not significantly different as a continuous variable. The current authors believe it was inadequate when educational level was viewed as a continuous variable and the threshold to distinguish the educational level existed. The P value of the categorized educational level of .045 supported the adequacy of the cutoff point at 6 years.
Multivariate analysis showed that BMI and BMD were strong independent risk factors for hip fractures, which was compatible with the results of other studies. 25, 26 The protective mechanisms of a high BMI against hip fractures include mechanical loading (which promotes bone remodeling), the cushioning effect of fat tissue, and the hormone effect on bone mass. 27, 28 Individuals' BMD was still The 3 other clinical confounders did not reach a significant level after adjustment in multivariate analyses. The effect of the educational level might be explained by the MMSE subdomains, and difficulty with activities of daily living and physical activities might be explained by MMSE subdomains and BMD together. The lower total MMSE scores in the current study were significantly associated with a higher risk for hip fractures, which is compatible with the results of the literature review. Meanwhile, in univariate analyses, a lower score in each of the MMSE subdomains was also significantly associated with a higher risk of hip fracture. However, in the multivariate analyses, only the time orientation and visual construction subdomains remained significant. This supported the authors' hypothesis that certain MMSE subdomains are correlated with high hip fracture risks. To the authors' knowledge, this is the first study to investigate the association of MMSE subdomains with the risk of hip fracture. The results suggest that the clinical application of these MMSE subdomains is reliable and specific for hip fracture risk screening by medical staff in hospitals.
In the current study, time orientation was a significant risk factor for hip fracture. Time orientation is the ability to be aware of one's self in relation to chronological time and involves a serial scanning process of time retrieval. Time orientation relies on past or future anchorage of landmarks characterized by accessibility in memory to assist objective time interval judgement. 30 The current results were different from those of Ramirez et al, 17 who found that the place orientation subdomain predicts falls in the elderly Hispanic population. Time orientation is actually more vulnerable than place orientation because of its early impairment in the process of cognitive decline, 15, 31 which leads to dementia-related falls and hip fractures. In addition, the time orientation subdomain is the most useful guide in predicting and evaluating the severity of cognitive impairment and has become the routine item for mental status screening. 32, 33 Poor scoring on this subdomain represents early cognitive impairment and should alert clinicians that early intervention should be performed to prevent hip fractures.
The visual construction subdomain was the most significant independent risk factor for hip fracture in the current study, in both the univariate and multivariate analyses models. Visual construction consists of visuospatial and constructional abilities and is related to mental navigation, depth, and distance estimation for maintaining postural stability 34 or performing activities of daily living. Visual construction is impaired in early-stage Alzheimer's disease 35 and represents significant functional decline in all types of dementia, 36 which increases the hip fracture rate.
Visual construction ability was evaluated in the MMSE by the copying task of 2 overlapping pentagons derived from 1 of the figures in the Bender-Gestalt test, which was used to estimate visual-motor maturity and assess neurological function or brain damage. 37 The participant received 1 point in this subdomain if all sides and angles were preserved and if the overlapping sides formed a quadrangle. To perform this copying task correctly, one needs proper visual acuity, functional hemispheres contributing to visual constructional skills, and intact motor coordination. If the patient fails in this copying task, the affected dominant or nondominant hemisphere, visual deficits, coordination problem, or dementing status should be checked by further analyzing the drawing abnormalities, including incorrect spatial relations, orientation, or fragmented components. 38 The visual constructional ability benefits from interdisciplinary training that aims at building and improving visualization, representational thinking skills and eye-hand coordination for a more concrete conceptualization of directions in space.
In the ROC curve analyses, the time orientation and visual construction subdomains combined with the clinically important confounders had a better diagnostic performance than the clinically important confounders alone. This further supported the finding of the independent risk factors of these 2 subdomains in the logistic regression analyses. Incorporation of these 2 subdomains with clinical risk factors to evaluate hip fracture risk is recommended in clinical practice. Compared with the total MMSE score, the summed score of the time orientation and visual construction subdomains demonstrated a superior diagnostic performance. This meant that these 2 subdomains might be more efficient in predicting hip fractures than the full MMSE questionnaire. This supported the finding that in diagnosing Alzheimer's disease, questions in the MMSE that are too easy might compromise the effectiveness and should be modified or condensed. 39, 40 The MMSE has been criticized for outliving its purpose when applied to some populations or settings, and it may become a death knell. 41 In the current authors' opinion, the MMSE should be analyzed in terms of independent subdomains and be used in appropriate conditions, such as falls or fractures, which are closely related to patient cognition. For clinical application, the current study found that patients with a summed time orientation and visual construction subdomain score of 4 points or less might be associated with a higher risk for hip fracture.
The current study has several limitations. First, although the patients were interviewed at an average of 6 days after fractures, which might still influence the patients' responses to the queries, the intraclass correlation coefficient value revealed the high consistency of the collected data in the fracture group, especially in the cognitive component 4 to 6 weeks after injury. Second, the missing T-score data might reduce the statistical power and cause biases for risk estimation. The missing-indicator method used in the current study has the advantage of maintaining the data structure, using standard software, and avoiding the inconvenience of parallel analyses. 42 After performing sensitivity analyses with assignment of the missing data to either the fracture or control groups, the authors found that the missing data would not affect the independence of these 2 MMSE subdomains. Third, only 5 clinical confounders were included in the current study. The results might still be influenced by other potential confounders. However, these 5 clinical confounders were representative of major risk factors of hip fractures or closely related to MMSE measurement.
conclusion
Among the 7 MMSE subdomains, time orientation and visual construction were independent predictors of hip fracture after adjustment with clinically important confounders. These 2 subdomains, along with other hip fracture risk factors, can be effectively used in the hospital to screen for patients at risk. Prospective cohort studies to further validate this finding are warranted.
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